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Larval Foodplant and other Effects on Troidine
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Abstract. In two neighboring forest sites (Amarais and Monjolinho) in
Campinas, Sdo Paulo, Brazil, with different Aristolochia host plants,
two guilds of the same six troidine swallowtail butterflies showed major
differences in their relative species proportions. Parides agavus repre-
sented over half the adults marked in Monjolinho but only 3% of those
in Amarais; P. proneus included over halfthe adults in Amarais, versus
3% in Monjolinho. These contrasting proportions remained essentially
unaltered during a major macroclimatic anomaly (E]l Nifio-Southern
Oscillation) in 1982-1983, which however significantly altered the
proportions of three other species, and permitted the occasional P.
neophilus to become established and common in both sites. Troidine
juveniles (a total of 1802) were located and followed during two years
in Monjolinho. Introduction of Aristolochia melastoma, abundant in
Amarais, into Monjolinho caused larvae and adults of the melastoma-
specialist P. proneus to become more common there. No hostplant
effects could be clearly identified, however, to account for the contrast-
ing abundances of P. agavus in the two sites, which seem better
correlated with dense vegetation structure and reduced understory
illumination, affecting the microclimate in Monjolinho.

Introduction

Most species of the cosmopolitan butterfly family Papilionidae (swal-
lowtails) occur in the tropics (Slansky, 1972; Collins & Morris, 1985).
Larvae of some Papilio species are pests of Citrus (Rutaceae), and other
swallowtails attack cultivated Lauraceae, Magnoliaceae, Annonaceae
and Umbelliferae (Feeny et al., 1983; Scriber, 1984). The tribe Troidini
(in the subfamily Papilioninae) specializes on plants in the family
Aristolochiaceae (Slansky, 1972; Scriber, 1984); Neotropical records
from any other plant family in nature have not been confirmed, though
may be possible since some Magnoliaceae are accepted by both Battus
and Parides in the laboratory (Brown and Klitzke, unpublished).
Aristolochiaceae species are also mostly tropical (Hoehne, 1942) and
most contain aristolochic acids and benzylisoquinoline alkaloids, chemi-
cals with noted pharmacological properties, including abortifascient and
irritant of the gastro-intestinal tract of vertebrates (Hoehne, 1942; Von
Euw et al., 1968; Chen & Zhu, 1987). Recently it has been shown that
secondary compounds other than aristolochic acids and alkaloids are
found in the roots, stems and leaves of south Brazilian Aristolochia
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species: lignans (Ricker et al., 1981), diterpenes (Habib & El-Sebakhy,
1981; Lopes et al., 1987; Lopes & Bolzani, 1988; Luiz et al., 1988), and
essential oils (Leitdo et al., 1988). Few studies have reported the effects
of these plants or compounds on phytophagous insects (but see Miller &
Feeny, 1983, 1989); very few herbivores other than Troidini are found
feeding on Aristolochia (Rausher & Feeny, 1980; Rausher, 1981:6; Brown
et al., 1981). Troidine larvae store toxic chemicals from their hostplants
and pass them to the adults (Von Euw et al., 1968; Rothschild et al., 1970;
Brown et al., 1981, 1991; Urzua et al., 1983, 1987; Urzua & Priestap,
1985), that are unpalatable to vertebrate predators (Brower & Brower,
1964; Brower et al., 1967; Rothschild, 1973; Brower, 1984; Chai, 1986,
1988). Both larvae and adults of troidines show aposematic coloration
with Millerian convergence, and serve as models for mimicry rings that
include other Papilionidae and further Lepidoptera such as Pericopinae
and Castniidae;some adults also resemble unpalatable ithomiine butter-
flies, and large Pepsis wasps (Brown, 1988; Aiello & Brown, 1988).

The natural history of American troidine communities has been stud-
ied in Brazil (Moss, 1919; D’Almeida, 1922, 1944, 1966; Brown et al.,
1981; Otero & Brown, 1986) and western Mexico (Spade et al., 1988).
Brown et al. (1981) discussed five sympatric species and their foodplants
in the region of Campinas, interior of Sao Paulo state, and suggested the
possible influence of host plant palatability and other factors in causing
the different species proportions of troidines in different localities. The
species showed varying acceptance for oviposition, and tolerance for
larval feeding on the available Aristolochia hostplants in the field and
laboratory (Brown et al., 1981; Otero & Brown, 1986). Other factors such
as parasitism, predation, competition, phenology, adult resources, physi-
cal environment and evolutionary history were implicated in the variable
composition of the guilds.

In this paper we seek to expand the data-base of Brown et al. (1981) by
addressing the following questions raised there:

(1) Which environmental factors are important in determining the
relative abundance of troidine species within the community? Is this
abundance predictable? Is the hostplant involved?

(2) To what extent do different troidine species make use of different
hostplants in different habitats? What are the causes and consequences
of this?

In doing so, we hope to achieve a better understanding of the processes
involved in community composition and dynamics at the Troidini/
Aristolochia interface.

Materials and Methods

Studies were undertaken in a 3-ha well-watered forest garden (arboretum),
“Monjolinho,” and a larger (25-ha) tall Eucalyptus forest with a native middle-
and understory, “Amarais,” both in the Fazenda Santa Elisa of the Campinas
Agronomical Institute, Sdo Paulo (22°54’ S., 47°05’ W., about 650 m elevation),
from 1980 to 1984. The two areas are separated by 1.0 km of cultivated fields
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(Brown et al., 1981, Figure 1). Both contained many troidines during most of the
year, in microhabitats resembling those occupied by the same species in fully
natural systems (partly disturbed moist forests with abundant flowers).

The vegetation of Monjolinho (Figure 1), where juveniles were followed in 1981-
1983, was mostly ornamental shrubs and trees, both native and introduced, with
a dark and humid but well-developed understory in many parts of the woods, and
an adjacent sunny garden with abundant flowers. The two major Aristolochia
hostplants occurred in separated patches, consisting of 80 accessible A. elegans
Masters and 42 A. esperanzae O. Kuntze, each population including individual
plants ranging from small herbs to large climbers; five small plants of A. arcuata
Masters were also present in Monjolinho. A single plot of 20 m? of A. melastoma
Manso (about 40 rooted stolons) was experimentally introduced in 1981 from
nearby Amarais, where A. melastoma and A. arcuata were abundant, and A.
elegans and A. esperanzae absent. All these Aristolochia plants in Monjolinho
were regularly examined for troidine juveniles, found on all of them at least once
during this period (five high A. elegans vines remained inaccessible).

The troidine populations occurring in both study areas were Battus polydamas
(L., 1758), Parides proneus (Hibner, 1825), P. b. bunichus (Hibner, 1822), P.
agavus (Drury, 1782), P. anchises nephalion (Godart, 1819), and P. neophilus
eurybates (Gray, 1852), as described in Brown et al. (1981). In both areas, adults
were censused by weekly capture-mark-release-recapture periods, one hour in
Monjolinho and two in Amarais (enough to visit at least twice all areas usually
frequented by the butterflies), in the warmer part of the day, marking with
indelible soft point pens of various colors (Sharpie, Sanford Corp.), with minimal
handling toreduce trauma. Each individual was given a unique number, and note
was taken of the species, sex, wing wear, location and time of day, and any
unusual condition or behavior of the insect.

Two or three times a week, Troidini juveniles were sought in Monjolinho by
thorough examination of leaves and stems of foodplants. Each egg or larva
discovered was recorded and left on the original plant, to be observed on each
subsequent visit until disappearance. The general yellow-orange color and
similar size of the eggs of P. bunichus, P. agavus and P. a. nephalion precluded
sure identification as to species until the end of the first instar, when the
characteristic pattern of tubercles on the abdominal segments became conspicu-
ous (Brown et al., 1981); the five larval instars were recognized by the width of
their head capsules (Brown et al., 1981; Otero & Brown, 1986).

The minimum number of days that each larva stayed in each instar was
determined as the period between the first and last observation in that instar.
Means of these “minimums” were compared between species of Troidini and
Aristolochia, using Student’s t-test and one factor ANOVA. A chi-square test (or
the Fisher exact probability when expected frequencies were five or fewer) was
used to compare, on each species of hostplant, the numbers of larvae that
survived to the third instar, in relation to those that “disappeared” before the end
of the second instar (Sokal & Rohlf, 1981).

Results and Discussion
COMPARISONS OF THE SPECIES PROPORTIONS OF ADULT
TROIDINES IN MONJOLINHO AND AMARAIS

Up through mid-1982, the species proportions of the troidine commu-
nities in Monjolinho and Amarais remained basically the same as those
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reported in Brown et al. (1981) (Table 1). Thus, while P. proneus
represented over half the adults marked (1324 of 2420) in Amarais, and
P. agavus represented only 3% (82) of that community, the abundance of
the two was precisely reversed in nearby Monjolinho, where over halfthe
adults marked (190 in 350) were P. agavus, and P. proneus represented
but 3%. In Amarais, nine times as many P. bunichus and twice as many
B. polydamas were marked as P. a. nephalion; in Monjolinho, the latter
species was commoner than either of the former two. P. neophilus was
only occasionally seen in both areas. By next-day recapture sessions,
capture rates in Amarais were found to sample about 25-33% of the
various Parides present and 10% of the Battus in two hours, while in
Monjolinho, essentially all troidines present could be recorded in one
hour (see Brown et al., 1981: 217). Exchanges of adults between the two
sites occurred regularly (Table 1), indicating the possibility of choice of
habitat and preferred resources in each.

In continued marking in the two localities from mid-1982 to mid-1984
(Table 1), these patterns remained relatively stable, though P. proneus
doubled its abundance in Monjolinho, P. a. nephalion doubled its propor-
tion in Amarais, B. polydamas became only half as common there and
disappeared from Monjolinho, P. bunichus became rarer in Amarais, and
the previously occasional visitor P. neophilus suddenly became a promi-
nent resident (more than 20% of both communities), which it continues
to be up until today (1991). All these changes were statistically signifi-
cant (Table 1), with P. agavus remaining near its former proportions in
both sites, and P. proneus stable in Amarais.

These alterations corresponded to a marked change in the rainfall
patterns in 1982-1983, linked to a major El Nifio-Southern Oscillation
episode in the equatorial Pacific region (Rasmussen & Wallace, 1983;
Barber & Chaves, 1983; Caviedes, 1984; Canby, 1984; Glynn, 1988). In
south Atlantic manifestations of this climatic anomaly, over 2000 mm of
rain fell in both years in Campinas, with very few dry months, represent-
ing an event never before recorded (only one other year since 1890
showed over 2000 mm—1970, with 2564—and it was flanked by two
fairly dry years). Large areas of Amarais were flooded as a major new
stream cut across the area, draining a nearby plateau. Elsewhere in
Campinas, long-term flooding in the interior of old forests killed trees
hundreds of years old, suggesting the rarity of such events. Such
continuously rainy weather, promoting high humidity and extensive
plant growth, could have reduced activity and population levels of B.
polydamas, whose adults prefer dry, sunny habitats (Rausher, 1979;
Brown et al., 1981), and whose gregarious larvae are especially prone to
diseases which prosper under high humidity (Moss, 1919). These condi-
tions are, however, typical ofhabitats preferred by P. neophilusin central
Brazil and the Amazon Basin and Andean foothills. Such humidity may
also have favored P. a. nephalion in Amarais, and been unfavorable to P.
bunichus, a dry-area species (Brown et al., 1981; Otero & Brown, 1986).
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Thus, many of the small but significant changes in the community of
adults during 1982-1984 could be tentatively correlated with a major
macroclimatic change in that period. The contrasting abundances of P.
proneus and P. agavus in the two sites remained evident, however, and
reasons for this persistent difference in the two adjacent communities
must be sought in other factors.

CHARACTERISTICS OF THE JUVENILE COMMUNITY IN
MONJOLINHO

Between December 1981 and November 1983, 1802 troidine eggs and
larvae were found and followed in Monjolinho (Table 2); 668 of these
disappeared before the end of the first instar without being identified as
to species. Only three pupae were encountered, in April 1982 and
February-March 1983, all of P. a. nephalion, parasitized, and near the A.
elegans on which they had been followed as larvae. While this could
merely emphasize the usual dispersal of the larva far from the hostplant
before pupation (thus escaping detection in the census periods), it also
reflects the great mortality of juveniles in these species (Figure 2). Only
3% of all juveniles registered reached the final instar.

The numbers of juveniles found varied through the year, sometimes
but not always showing peaks corresponding to, or a couple of months
before the peaks in the adult population; both were markedly reduced in
winter (June-August), when most of the population were in pupal
diapause (D’Almeida, 1966; Brown et al., 1981). One fifth instar P. a.
nephalion was followed in mid-winter, with little rainfall and tempera-
tures between 5-25 °C, for eight weeks without showing notable growth,
nor disappearing.

In 1981-1982 (Table 3), Parides proneus was the rarest of the juveniles,
and P. a. nephalion was the commonest, with 50% more records than P.
agavus (whose adults were four times as common as those of nephalion,
Table 1) and three times as many as P. bunichus (equally common as
adults). The period 1982-1983 was marked by large numbers of P.
neophilus (Table 3), which led to an initial problem in separating its
juveniles from those of P. a. nephalion, resolved only in mid-1983.
Juveniles of P. a. nephalion and P. neophilus (probably about equal in
number) both greatly outweighed those of P. agavus , while P. proneus
juveniles increased significantly, presumably due to the introduction of
their foodplant (A. melastoma), becoming just as frequent as those of P.
bunichus and the diminished B. polydamas. These three were still less
than half as common as P. agavus; unidentified eggs and first instar
larvae increased from 24% to 38% of all juveniles. These juvenile
proportions probably reflect both the abundance of adult females (Table
1) and of acceptable oviposition sites, as well as increased mortality of
eggs and first instars due to heavy rain (Blau, 1980).

The relative deficiency of P. agavus juveniles in relation to the adult
abundance (Table 3) could be due to their undetected presence on the
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Table 3. Juveniles of Troidini discovered in Monjolinho, 1981-1983.

1981-mid 1982 % all mid 1982-end 1983 % all Signifi-

Species Eggs Larvae Total juv. Eggs Larvae Total juv. cance”
Battus polydamus 79 42 121 23 66 12 78 6
Parides proneus 0 6 6 1 43 28 71 5 =
Parides b. bunichus 4 40 44 8 29 41 70 5 ns
Pariedes agavus 31 66 97 18 98 70 168 12 -

*kk

P. neophilus eurybates 0 0 0 0 76 47 123 9

P. (anchises nephalion 0 0 0 0O 88 248 336 24
+ neophilus eurybates)

Unidentified Parides 101 28 129 24 408 131 539 38 ***
species (less proneus)

P. anchises nephalion 43 99 142 26 6 7 13 1} ns

Totals 258 281 539 100 814 584 1398 100

* Difference between census periods, compared against P. agavus (most abundant
species as adults). The clustered eggs of polydamas reduce the validity of the
statistical test, which nevertheless would not lose significance. Non-significance for
P. a. nephalion occurs for all proportions between 0.49 and 0.97 in the mixed batch
(336 juveniles) with P. neophilus. ns = not significant, *** = P<0.001.

highest A. elegans vines; P. a. nephalion preferred the small, easily
inspected plants of A. esperanzae for oviposition, where the larvae were
easily discovered and followed.

DIFFERENTIAL SURVIVORSHIP OF TROIDINE JUVENILES ON
THE VARIOUS FOODPLANTS

Troidine larvae usually stay on the hostplant nearest to where they
hatch from the egg as long as suitable leaves are available, only leaving
it to seek other foodplants in later instars if necessary (Rausher, 1981;
Brown et al., 1981). Even so, 97% of all juveniles observed in 1981-1983
(1748 of the 1802) disappeared before attaining the fifth instar; larger
larvae were sometimes found on neighboring plants (Aristolochia and
others), but in general “disappearance” meant death.

Arthropods (ants and small spiders) were the principal larval preda-
tors in Monjolinho, also observed in the laboratory by Brown et al. (1981)
(see also Watanabe, 1976, 1981; Hirose et al., 1980; Rausher, 1981; and
Feeny et al., 1985). Attack on later instars by vertebrates, observed by all
these authors, was not recorded in Monjolinho; fifth instar mortality in
P. anchises nephalion and P. neophilus occurred through parasitoids,
also recorded for eggs, larvae and pupae by Moss (1919) and the above
authors. Parasitism and cannibalism by congeners, indicated by most of
these studies, were not quantified in Monjolinho.

The “quality” of the hostplant can make important contributions to
juvenile survivorship and mortality (Scriber & Feeny, 1979; Price et al.,
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1980; Scriber & Slansky, 1981; Courtney, 1981; Williams et al., 1983;
Rhoades, 1985). Troidine juveniles were encountered in different num-
bers and proportions on their four available foodplants (Table 2). Parides
agavus predominated on A. elegans, on which P. neophilus was more
common than P. a. nephalion, but the last species was dominant on A.
esperanzae. P. proneus predominated on A. melastoma but was absent
from A. arcuata, on which B. polydamas was also absent, possibly due to
its very small biomass in Monjolinho (five small, scattered plants).

Table 4 shows the mean minimum duration (in days) for each instar of
Parides on each Aristolochia species in Monjolinho. The apparent gen-
eral tendency for more rapid development on A. esperanzae in relation to
A. elegans was significant only for the first larval instar of P. agavus, and
in any case may have been due to the softer, perhaps more nutritious
leaves on the generally younger plants of A. esperanzae. The lower means
of P. proneus on A. melastoma did not reach significance. Not enough
larvae were marked and followed continuously to permit simultaneous
comparisons of larval survivorship on the four species of hostplants.

Figure 2 shows the percentage of larvae of each Parides species
surviving on each hostplant (in pairs), from first to fifth instars (fourth
in P. proneus). While P. agavus did equally well on both A. elegans and
A. esperanzae, larvae of P. bunichus and P. a. nephalion survived better
to the third instar on A. esperanzae (with marginal significance, P= 0.06
and 0.09), and P. neophilus and the mixed (=1:1) lot of P. a. nephalion and
P. neophilus had significantly higher survivorship on A. esperanzae than
on A. elegans. This might indicate a better “quality” for the former plant,
at least in Monjolinho where it is represented mostly by young, soft
plants. P. proneus did much better (P= 0.003) on its natural foodplant A.
melastoma than on the far more abundant A. elegans, where females
deposited the majority of their eggs.

These different reactions of larvae of each species to the various
foodplants chosen by their mothers are better seen in Figure 3, in which
the ability to survive is emphasized as percent of total larvae remaining
on each plant species as the larvae grow through each instar. The figure
reveals the superior relative survival of P. proneus on A. melastoma over
other hosts, of P. agavus and younger P. neophilus on A. esperanzae
(though the more abundant A. elegans was preferred for oviposition, see
Table 2 and Figure 2), and of B. polydamas and P. bunichus onA. elegans.
Some patterns are easier to discern in Figure 3 than in Figure 2; note
especially, in the later instars of P. bunichus, P. a. nephalion and P.
neophilus, the reversion of the lower survival patterns on A. elegans in
the early instars.

A preliminary investigation of hostplant chemistry (Morais, 1986)
showed a general absence of aristolochic acids in the leaves of A. elegans
and A. esperanzae, confirming results of Hussein & El-Sebakhy (1974)
and Urzua & Priestap (1985) (these substances are common in the roots
of these same plants—see Priestap et al., 1971—and are known to have
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Table 4. Mean number of days for each larval instar of Parides species on different
Avristolochia species in the field (Monjolinho).

Species and A. elegans A. esperanzae A. melastoma  “i” or
Instar Xts (n) Xts (n) Xts (n) ANOVA2
P. proneus egg 6.60+2.93 (19) 5.67x1.15 (3) 3.67+1.51 (6)(all 3) NS
(el X mel)**
first larval 7.37 £6.67 (8) 6.67 £2.34(6) NS
second larval 5.83+4.07 (6) 3.50+2.14(8) NS

P. bunichus egg 6.71+2.63 (7) 6.0+ 2.51 (8) NS
first larval 7.97+4.98 (31) 6.29+1.72 (17) 6.50+3.54(2) NS
second larval 550+325 (8) 5.50%2.17 (10) NS
third larval 3.60+2.61 (5 3.60+£2.07 (5) NS
fourth larval 40+264 (3) 350x212 (2) 5.33+1.53(3) NS
fifth larval 8.0+ 557 (3) -

P. agavus egg 7.08+£3.30 (73) 5.91x1.90 (22) *
first larval 8.46 + 4.68 (116) 5.91£3.14 (32) **
second larval 5.60x2.72 (42) 5.18+3.52 (11) NS
third larval 495+276 (19) 5.17+£3.19 (6) NS
fourth larval  4.73+253 (11) 3.0x0.0 (2) -

P. anchises egg 6.40 £2.51 (5)
first larval 6.75+5.68 (4) 6.0+ 3.54 (8) NS
second larval 6.20+3.77 (5) 5.70%3.33 (10) NS
third larval 5.0£2.83 (2) 3.0+0.0 (3) -
fourth larval 6.40+1.95 (5) 5.0x2.52 (7) NS
fifth larval 10.83£5.12 (6) 4.75+1.98 (8) N

A. arcuata

P. neophilus egg 5.63+3.48 (38) 4.44+181 (9) 567+231(3) NS
first larval 6.29+4.28 (55) 5.62+220 (8) 4.67+2.08(3) NS
second larval 550+3.39 (14) 4.0+x0.0 (2) -
third larval 10.0+4.32 (4) -
fourth larval 4.25+3.30 (4) 20100 (2 -

a2 NS = Not significant, * = p<0.05, **=p<0.01.

effects on troidine larval performance-—Miller & Feeny, 1989).
Benzylisoquinoline alkaloids (El-Sebakhy & Waterman, 1984), also
important in larval feeding (Miller & Feeny, 1983, 1989) were variable,
but most abundant in A. elegans. Several other secondary chemicals
could be detected in the leaf fractions, different in each species. Extracts
of Aristolochia leaves were seen to turn very dark with great rapidity in
the presence of air, indicating phenolic polymerization; the compounds
responsible for this were not isolated.

It is clear that evaluation of the possible influences of leaf secondary
chemistry on the variation in larval performance (Figures 2-3) and
preference for different species must await more detailed investigations
and bioassays (these authors, P. E. R. dos Santos & C. Klitzke, in
progress).

Since the larvae were not all observed simultaneously in the field, it is
not possible to extrapolate the relative global performance of the species
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over two years on each plant to draw any conclusions about competitive
ability. Maps of the use of individual A. elegans and A. esperanzae (based
on Figure 1) by each troidine species showed appreciable concentration
and overlap of species on certain plants over the period. These were often
individuals of greater biomass or permanence in the system. Globally, A.
esperanzae was occupied predominantly by final instar larvae of P. a.
nephalion, and A. elegans by fifth instar Battus polydamas (Figure 3).
Although these data might indicate a reasonable potential for competi-
tiveinteraction amongthe species on both plant populationsin Monjolinho,
the results did not permit rejection nor sustaining of the hypothesis of
resource partitioning due to competitive interaction, sufficient to affect
species proportions in the community, distinguishable from the effects of
tolerance, oviposition preference, growth rates and other factors men-
tioned.

Finally, a density-independent factor causing juvenile death, espe-
cially on young A. esperanzae plants near the entrance to Monjolinho
(Figure 1), was human interference during the observations and in
periodical cutting of these “weedy” plants by the caretakers. These plants
were always greatly preferred by P. a. nephalion juveniles, that could
have suffered excessive reductions in the larval stage due to this factor,
leading to lower adult abundance (Table 1).

INFLUENCE OF THE PHYSICAL ENVIRONMENT ON P. AGAVUS

While variations in species proportions of five of the six troidines in
Campinas have been tentatively correlated with macroclimate and
larval foodplants, no factor yet discussed was adequate to explain the
consistent great difference in abundance of P. agavus between Monjolinho
and Amarais (Table 1).

Microclimate is also important to troidines, including in the laboratory
where it can determine adult activity, larval survivorship and pupal
diapause (Brown et al., 1981). Because P. agavus is more restricted to the
dense humid Atlantic forests than the other members of the community
in Campinas, it could be more sensitive than these to light structure and
humidity. Microclimatic measurements in the understories of Monjolinho
and Amarais showed no significant difference in humidity, but apprecia-
bly more illumination in the latter site, especially in the midday hours
(Morais, 1986). Thus, the different vegetation structures in the two areas
affect the quality and quantity of light in the understory, recognized as
an important physical factor for insect species (Warren, 1985), including
troidines (Moss, 1919; Rausher, 1981; Brown et al., 1981).

The influence of vegetation/light structure versus larval foodplant on
the proportion of P. agavus in the community might be tested in
additional sites, such as ones with the foodplants of Amarais and the dark
understory of Monjolinho, or with a brightly lit understory and the plants
of Monjolinho. The latter habitat, often with abundant A. elegans and/or
A. esperanzae, is very frequent in the disturbed interior region of Sdo
Paulo; P. bunichus and B. polydamas are predominant in these sites,
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Figure 3. Percentage of eggs and larvae (by instar) of each troidine species found on
each different Aristolochia hostplant. Eggs and first-instar larvae of P.
bunichus, P. agavus and P. a. nephalion could not always be surely
separated from each other, and therefore are omitted.
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with P. a. nephalion and P. neophilus variably present in more humid
riverine areas, and P. agavus at best very occasional. In contrast, six well-
studied sites in the interior of Sio Paulo with reduced understory
illumination, from 400 to 1300 m elevation and with a wide variety of
Aristolochia foodplants, all showed predominance of P. agavus in the
troidine community. A notable example was the dense riverine tangle
800 m NNW of the main colonies of the Horto Florestal de Sumaré (Area
“D” of Figure 1A in Brown et al., 1981: 201, 217), which contained
principally P. agavus, mobile between this preferred area and the little-
chosen, more open woods of the Horto, where it represented only 6% of the
commmunity—a situation almost parallel to that of Monjolinho and
Amarais. While correlation does not mean causation, the circumstantial
evidence suggests a strong influence of understory light structure and
small effect of foodplant species on the abundance of P. agavus in the
community.

CONCLUSIONS, SUMMARY AND PERSPECTIVES

In relation to the questions posed in the Introduction, this study
showed that.:

(1) Larval hostplant effect on the proportions of six species in the
troidine guilds in southeastern Brazil was evident only in the case of
Parides proneus, whose abundance corresponded to that of its principal
hostplant, Aristolochia melastoma.

(2) An unusual period of increased and continuous rainfall, associated
with a very strong El Nirio episode in 1982-1983, was accompanied by
significant reduction in abundance of Battus polydamas in two commu-
nities, and a decrease of Parides bunichus and increase of P. anchises
nephalion in one of them. The same factor may have encouraged a range
expansion of P. neophilus, to become the second most common species in
both communities, in which it was previously only an occasional visitor.

(3) A denser structure of the vegetation, with corresponding reduction
of light in the understory, correlated with the abundance of P. agavus in
diverse habitats with a variety of potential hostplants available.

(4) All of the species except P. proneus could feed and grow on all four
common Aristolochia hostplants present in the two habitats studied;
some differences in larval performance detected may be due more to
chance or the age and size of the foodplants used, rather than to plant
chemistry or general “quality.”

(5) No evidence was found for partitioning of hostplants or their parts
between the species (except for P. proneus), even though this phenom-
enon may exist in natural systems where Aristolochia is rarer (Moss,
1919). This suggests that Troidini are usually quite opportunistic in
foodplant usage within the Aristolochia available, as found by Spade et
al. (1988) in western Mexico.

Present work is directed towards details of foodplant chemistry, includ-
ing controlled feeding experiments with fractions and isolated com-
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pounds, especially from the least acceptable A. galeata (= brasiliensis)
and A. gigantea (Brown et al., 1981), not present in Monjolinho or
Amarais. The importance of parasitism and predation will also be
evaluated experimentally with split cohorts of juveniles on various
foodplants in different habitats. Further data may come from experi-
ments and observations over long periods in natural habitats where the
Troidini and their foodplants are rarer, and perhaps thereby subjected to
large effects from small variations in various environmental factors.

Acknowledgments. We are grateful to Iria B. Baldessari and Cecilia T. Teradaira,
who first worked on Aristolochia/Troidini interactions in Monjolinho, for location
of many of the plants and earlier juveniles. Marlies Sazima and Mdrcia Siqueira
identified the plants and encouraged us to study their biology, chemistry and
systematics. Paul Feeny stimulated work on the Troidini swallowtails; he read and
criticized an earlier version of this paper, along with Mark Scriber, Marc Rausher,
and two unidentified reviewers, whom we thank for their helpful comments.
Angelo Pires do Prado, Hermdégenes F. Leitdo Filho, Mohamed E. E. M. Habib and
W. W. Benson made valuable suggestions on the part of this work which was
presented as a Master’s thesis to the Post-Graduate Course in Ecology of the
Universidade Estadual de Campinas. Silvana A. Henriques helped in the labora-
tory studies, and José R. Trigo in these and also in the field. The Instituto
Agrondmico de Campinas gave permission to work on the Fazenda Santa Elisa;
Hermes Moreira de Souza labored many years to make Monjolinho a pleasant place
for Troidini and for scientific research. CAPES and FAPESP provided fellowships
to ABBM, and the CNPq to KSB, for research on chemical aspects of insect/plant
interactions.

Literature Cited

AIELLO, A. & K. S. BROWN JR., 1988. Mimicry by illusion in a sexually dimorphic, day-
flying moth, Dysschema jansonis (Lepidoptera: Arctiidae: Pericopinae). J. Res.
Lepid. 26: 173-176.

BarBER, R.T. & F. P. CHaves, 1983. Biological consequences of E1 Nifo. Science 222:
1203-1210.

Brau, W.S., 1980. The effect of environmental disturbance on a tropical butterfly
population. Ecology 61: 1005-1012.

Broweg, L. P., 1984. Chemical defense in butterflies. IN: Vane-Wright, R.I. & P.R.
Ackery (Eds.), The Biology of Butterflies, pp. 109-134. Symp. Royal Ent. Soc.,
London, 11. Academic, London.

Browkr, L.P. & J.V.Z. BRoWER, 1964. Birds, butterflies, and plant poisons: a study
in ecological chemistry. Zoologica (New York) 49: 137-159.

Brower, L.P., Cook, L.M., & H.J. Crozg, 1967. Predator response to artificial
Batesian mimics released in a neotropical environment. Evolution 21: 11-23.

Brown Jr., K.S., 1988. Mimicry, aposematism, and crypsis in Neotropical
Lepidoptera: the importance of dual signals. Bull. Soc. Zool. France. 113: 83-
101.

BrowndJRr.,K.S., Daynan, H.J. & P. FEENY, 1981. Troidine swallowtails (Lepidoptera:
Papilionidae)in southeastern Brazil: natural history and foodplant relationships.
J. Res. Lepid. 19: 199-226.



30(1-2):19-37, 1991 35

Brown Jr., K.S., Trico, J.R., Francini, R.B., Morais, A.B.B. & P.C. Morta, 1991.
Aposematic insects on toxic hostplants: coevolution, colonization and chemical
emancipation. IN: Price, P.W.; Lewinsohn, T.M.; Fernandes, G.W. & W.W.
Benson (eds.), Plant-Animal Interactions: Evolutionary Ecology in Tropical
and Temperate Regions, pp. 375-402. John Wiley & Sons, New York.

Canpy, T.Y., 1984. El Nifio’s ill wind-—global weather disaster. Nat. Geogr. 165:
144-184.

Caviepgs, C.N., 1984. El Nifio 1982-1983. Geogr. Rev. 74: 267-290.

CHal, P., 1986. Field observations and feeding experiments on the responses of
rufous-tailed jacamars (Galbula ruficauda) to free-flying butterflies in a
tropical rain forest. Biol. J. Linn. Soc. 29: 161-189.

———,1988. Wing color of free-flying neotropical butterflies as a signal learned by
a specialist avian predator. Biotropica 20: 20-30.

CHEN, Z.L. & D.Y. Znu, 1987. Aristolochia alkaloids. IN: Brossi, A. (ed.), The
Alkaloids: Chemistry and Pharmacology, vol. 31, pp. 29-65.

CorLivs, N.M. & M.G. Morris, 1985. Threatened Swallowtail Butterflies of the
World: the IUCN Red Data Book. IUCN, Gland, Switzerland, 401 pp.

CourtnEY, S.P., 1981. Coevolution of Pierid Butterflies and their cruciferous
foodplants. III. Anthocharis cardamines (L.) survival, development and
oviposition on different hostplants. Oecologia (Berlin) 51: 91-96.

D’ALMEIDA, R.F., 1922. Mélanges Lépidoptérologiques. I. Etude surles Lépidopteres
du Brésil. R. Friedlander & Sohn, Berlin, 226 pp.

,1944. Estudos bioldgicos sobre alguns lepidépteros do Brasil. Arq. Zool. (Sao

Paulo) 4: 33-72.

, 1966. Catalogo dos Papilionidae Americanos. Sociedade Brasileira de
Entomologia, Sdo Paulo, 366 pp.

E1-SEBAKHY, N. & P.G. WATERMAN, 1984.(-) - (R,R’)-7-0-Methylcuspidaline from the
leaves of Aristolochia elegans. Phytochemistry 23: 2706-2707.

Feeny, P., BLau, W.S. & Kargiva, P.M., 1985. Larval growth and survivorship of the
black swallowtail butterfly in central New York. Ecol. Monogr. 55: 167-187.

FeEny, P., RosENBERRY, L. & M. CARTER, 1983. Chemical aspects of oviposition
behavior in butterflies. IN: Ahmad, S. (ed.), Herbivorous Insects: Host Seeking
Behavior and Mechanisms, pp. 27-76. Academic: New York.

GLYNN, P.W., 1988. ElNifo-Southern Oscillation 1982-1983: nearshore population,
community, and ecosystem responses. Ann. Rev. Ecol. Syst. 19: 309-345.

Hagig, A M.M. & EL-SEBAKHY, N.A., 1981. Ent-kaurane-16a,17-diol and (-)-cubebin
as natural products from Aristolochia elegans. Pharmazie 36: 291-294.

Hirosk, Y., SUZUKY, Y., Takacl, M., HiEHATA, K., YaMASAKT, M., KiMoTo, H., YAMANAKA,
M.,Ica, M. & K. Yamacuctl, 1980. Population dynamics of the citrus swallowtail,
Papilio xuthus Linné (Lepidoptera: Papilionidae): mechanisms stabilizing its
numbers. Res. Pop. Ecol. 21: 260-285.

HoEgHNE, F. C., 1942. Aristoloquiaceas. Flora Brasilica 15: 3-141.

HusseN, F.T. & N.A. EL-SEBAKHY, 1974. A phytochemical investigation of the leaves
of Aristolochia elegans. Planta Medica 25: 310-314.

LertaAo, G.G., Souza, F., Karran, M.A.C., Damasceno, L.P. & A.A. Craveiro, 1988.
Composigdo quimica de espécies do género Aristolochia. 1. Oleos essenciais.
Resumos Encontro Brasileiro-Alem&o de Quimica de Produtos Naturais, Rio de
Janeiro: 88.

Lopes, L.M.X. & V.S. Borzani, 1988. Lignans and diterpenes of three Aristolochia
species. Phytochemistry 27: 2265-2268.




36 J. Res. Lepid.

Lopes, L. M.X., Borzan, V.S. & L.M.V. TrevisaN, 1987. Clerodane diterpenes from
Aristolochia species. Phytochemistry 26: 2781-2784.

Luiz, V., Borzang, V.S., Lopes, L M.X. & L.M.V. TrEvisan, 1988. Alguns constituintes
quimicos de caules de Aristolochia elegans. Mast. Resumos X RESEM, Joio
Pessoa, Paraiba: 59.

MILLER, J.S. & P. FEENY, 1983. Effects of benzylisoquinoline alkaloids on the larvae
of polyphagous Lepidoptera. Oecologia (Berlin) 58: 332-339.

, 1989. Interspecific differences among swallowtail larvae (Lepidoptera:
Papilionidae) in susceptibility to aristolochic acids and berberine. Ecol. Entom.
14: 287-296.

Morars, A.B.B. D, 1986. Interacdo entre Troidini (Lep.: Papilionidae) e Aristolochia
(Aristolochiaceae) em Campinas, Sdo Paulo. Master’s thesis, Instituto de
Biologia, UNICAMP, Campinas, SP. 153 pp.

Moss, A.M., 1919. The Papilios of Para. Novit. Zool. 26: 295-319.

OtERO, L.S. & K.S. Brown Jr., 1986. Biology and ecology of Parides ascanius
(Cramer, 1775) (Lep., Papilionidae), a primitive butterfly threatened with
extinction. Atala 10-12: 2-16.

Price, P.W., Bouton, C.E., Gross, P., McPHERON, B.A., THompPsoN, J.N. & A E. WEIs,
1980. Interactions among three trophiclevels: influence of plants oninteractions
between insect herbivores and natural enemies. Ann. Rev. Ecol. Syst. 11: 41-65.

PrEsTAP, H.A., RUVEDA, E.A., MASCARETTI, O.A. & V. DEUFOLEU, 1971. The aristolochic
acids from Aristolochia argentina Gris. and Aristolochia esperanzae O. Kuntze.
Anales Assoc. Quim. Argent. 59: 245-250.

Rasmussen, E.M. & J.M. WaLLack, 1983. Meteorological aspects of the El Nifo/
Southern Oscillation. Science 22: 1195-1202.

RausHER, M.D., 1979. Larval habitat suitability and oviposition preference in three
related buterflies. Ecology 60: 503-511.

, 1981. Hostplant selection by Battus philenor butterflies: the roles of
predation, nutrition and plant chemistry. Ecol. Mongr. 51: 1-20.

RausHER, M.D. & P. FrENy, 1980. Herbivory, plant density and plant reproductive
success: the effect of Battus philenor on Aristolochia reticulata. Ecology 61: 905-
917.

Ruoapgs, D.F., 1985. Offensive-defensive interactions between herbivores and
plants: their relevance in herbivore population dynamics and ecological theory.
Amer. Natur. 125: 205-238.

RothscuiLp, M. 1973. Secondary plant substances and warning colouration in
insects. IN: Van Emden, H.F. (ed.), Insect/Plant Relationships, pp. 59-83.
Symp. Royal Ent. Soc., London, 6.

RornscHiLD, M., RriscHsTEIN, T., Von Euw, J., ApLiN, R. & R.R.M. Harman, 1970.
Toxic Lepidoptera. Toxicon 8: 293-298.

Rucker, G., LangMaNN, B. & N.S. SIQUEIRA, 1981. Inhaltsstoffe von Aristolochia
triangularis. Planta Medica 41: 143-149.

SCRIBER, J.M., 1984. Larval foodplant utilization by the world Papilionidae (Lep.):
latitudinal gradients reappraised. Tokurana 6-7: 1-50.

ScRIBER, J.M. & P. FEENY, 1979. Growth of herbivorous caterpillars in relation to
feeding specialization and to the growth form of their food plants. Ecology 60:
829-850.

SCRIBER, J.M. & F. SLANsKY JR., 1981. The nutritional ecology of immature insects.
Ann. Rev. Entom. 26: 183-211.




30(1-2):19-37, 1991 37

SLANSKY JR., F., 1972. Latitudinal gradients in species diversity of the New World
swallowtail butterflies. J. Res. Lepid. 11: 201-217.

SokaL, R.R. & F.J. RoHLF, 1981. Biometry, 2nd. ed. Freeman, San Francisco, 859 pp.

SpPADE, P., TYLER, H. & J.W. BrRown, 1988. The biology of seven troidine swallowtail
butterflies (Papilionidae) in Colima, México, J. Res. Lepid. 26: 13-26.

URrzUA, A. & H. PRIESTAP, 1985. Aristolochic acids from Battus polydamas. Biochem.
Syst. Ecol. 13: 169-170.

UrzUa, A., RopriGUES, R. & B. CassgLs, 1987. Fate of ingested aristolochic acids in
Battus polydamas. Biochem. Syst. Ecol. 13: 169-170.

URrzUa, A., SALGADO, G., CassiLs, B.K. & G. EckHarpT, 1983. Aristolochic acids in
Aristolochia chilensis and the Aristolochia-feeder Battus archidamas
(Lepidoptera). Collect. Czech. Chem. Comm. 48: 1513-1519.

Von Euw, J., ReicastEN, T. & M. RotuscHILD, 1968. Aristolochic acid-I in the
swallowtail butterfly Pachlioptera aristolochiae (Fabr.)(Papilionidae). Israel J.
Chem. 6: 659-670.

WarreN, M.S., 1985. The influence of shade on butterfly numbers in woodland
rides, with special reference to the wood white Leptidea sinapis. Biol. Conserv.
37:147-164.

WaATANABE, M., 1976. A preliminary study on population dynamics of the swallowtail
butterfly, Papilio xuthus L. in a deforested area. Res. Pop. Ecol. 17: 200-210.

, 1981. Population dynamics of the swallowtail butterfly Papilio xuthus L.,
in a deforested area. Res. Pop. Ecol. 23: 74-93.

WirLiams, K.S., LincoLn, D.E. & P.R. EnrricH, 1983. The coevolution of Euphydryas
chalcedona butterflies and their larval hostplants. II. Maternal and hostplant
effects on larval growth, development, and food-use efficiency. Oecologia
(Berlin) 56: 330-335.




